SYNopsis A solid phase antibody assay by means of alkaline phosphatase conjugated to antiimmunoglobulin is described. Specially designed microcuvettes were sensitized with influenza A antigen, and antibodies bound to it were assayed by anti-IgG alkaline phosphatase conjugate in a semiautomated photometer equipped with a programmable calculator. The sensitivity was found to be 200 times higher than HI-or CF-techniques, and the interassay variation was so small that twofold changes in antibody activity could be regarded as significant. Engvall and Perlmann, 1972; Avrameas, 1969) . These techniques seem to share the versatility and sensitivity of radioimmune assays but lack the abovementioned disadvantages. According to recent studies, they seem suitable for antibody assays in diagnostic microbiology (Carlsson et al, 1972; Holmgren and Svennerholm, 1973; Voller et al, 1974; Voller and Bidwell, 1975 substrate is measured directly from the same cuvettes by a special spectrophotometer.
SYNopsis A solid phase antibody assay by means of alkaline phosphatase conjugated to antiimmunoglobulin is described. Specially designed microcuvettes were sensitized with influenza A antigen, and antibodies bound to it were assayed by anti-IgG alkaline phosphatase conjugate in a semiautomated photometer equipped with a programmable calculator. The sensitivity was found to be 200 times higher than HI-or CF-techniques, and the interassay variation was so small that twofold changes in antibody activity could be regarded as significant. Results from vaccinees indicated that serum samples could be collected at intervals of three to six days only to reach a serological diagnosis in clinical patients.
Radioimmune assays have found several applications in diagnostic laboratory medicine. They are sensitive, the amount of detectable proteins is measured in nanograms and their versatility allows various experimental arrangements. Their obvious drawbacks are the potential hazards due to ionizing radiation from the reagents and the expensive instrumentation required. Several investigators have developed immunological assays where enzymes instead of radioisotopes are conjugated to antigens or antibodies Engvall and Perlmann, 1972; Avrameas, 1969) . These techniques seem to share the versatility and sensitivity of radioimmune assays but lack the abovementioned disadvantages. According to recent studies, they seem suitable for antibody assays in diagnostic microbiology (Carlsson et al, 1972; Holmgren and Svennerholm, 1973; Voller et al, 1974; Voller and Bidwell, 1975 One convalescent adult serum which, when pretested, showed antibody activity was chosen as the reference standard serum. In each antibody assay it was serially diluted in half logarithm steps from 10-1 to 10-5, and a standard curve was drawn based on the results from this serum. Other sera were assayed at dilutions of 1:50, 1:500, and 1:5000. All sera and the conjugate were diluted into PBS-T and the dilutions were made by using 1-, 3-, and 9-channel disposable tip precision pipettes (FinnpipetteR, Helsinki, Finland).
ANTI-IMMUNOGLOBULIN CONJUGATE
Swine antihuman globulin obtained from Orion Diagnostica was used. It showed high activity against human IgG but no activity against light immunoglobulin chains. It was further purified by being adsorbed to Sepharose 4B covalently linked with human gamma-globulin which was obtained by the sulphate precipitation method from concentrated human gamma-globulin (Finnish Red Cross, Helsinki, Finland). The elution was carried out by lowering the pH by 0-2 M acetic acid, and the eluted fractions were immediately neutralized with TRIS. After dialysis against PBS the solution was concentrated to 5 mg protein/ml and conjugated with alkaline phosphatase (Sigma type VII) with glutardialdehyde, as described by Engvall et al (1971) .
Fresh paranitrophenylphosphate (PNPP) solution was used as the substrate. It was prepared by dissolving 150 mg PNPP powder into 25 ml distilled water and was mixed with 25 ml 0-1 M glycine-MgCI2 buffer pH 10-5. from 0 3 to 1-2-1-4 absorbance units. This is a major part of the optically effective absorption range. When p-nitrophenol alone is assayed, a linear dose dependence extends from zero to 1 5 absorbance units (data not shown).
The 'levelling out' of the standard curve at the high antibody concentrations evidently reflects a state of saturation where all the available antigen sites have been utilized. The 'levelling out' at low antibody concentrations is probably due to the incapability of the aggregated conjugate to attach onto very sparsely distributed antibodies. (ED values = distance from standard curve, see text.) -1-2 to -1-8. These values did not seem to indicate an absence of influenza antibodies since sera from children negative for influenza antibodies with other techniques gave values from -1-85 to -2-8. Most of the convalescent phase sera gave values above 0-0 (figs 5 and 6).
CORRELATION BETWEEN ENZYME ASSAY AND OTHER TESTS
The correlation between ED-values and CF-titres seemed to be good (fig 5) . However, a number of sera negative with CF when tested at a dilution of 1:8 showed definite activity in the enzyme assay, reflecting the greater sensitivity of the enzyme assay compared to CF. In two serum pairs no increase in ED-values was noted in spite of a significant increase in CF-and HI-titres. On the other hand, no significant increase had been found with single radial haemolysis either. These discrepancies may reflect differences in the specificities of the tests. The correlation between ED-values and HI-titres seemed very similar (fig 6) . Two of the children's sera tested gave high ED-values. They were also the only HIpositive samples among them.
STUDIES ON VACCINEES
In order to see whether the interval between serum samples in clinical patients could be shortened nine vaccinees were studied. They were vaccinated with killed influenza A2 vaccine (FluparR, Orion Diagnostica, Finland) and serum samples were taken at days 0, 3, 6, 9, and 12. In two vaccinees the enzyme assay showed a significant increase between samples taken at days 0 and 3. They had been vaccinated with the same vaccine one year earlier. In three cases, the increase could be demonstrated in samples taken at days 3 and 6; none of these had been vaccinated before. Vaccinees with high initial antibody activity did not show any further increase in antibody activity.
Discussion
Several earlier reports indicate that antibody assays based on enzyme markers reach a sensitivity equal to radioimmunological assays (Avrameas, 1969; Engvall and Perlmann, 1972 ). In our model, the endpoint titre of the reference serum can be estimated from the point where the standard curve crossed the linear, which is two times standard deviation above the background activity. This gives a titre of 1:70 000 to the serum while its HI-titre was 320 and CF-titre 256. A rough estimate would indicate that our assay is about 200 times more sensitive than the conventional techniques.
The measurement of the enzyme activity directly through the bottoms of the sensitized cuvettes did not seem to increase the background absorbance significantly. This could be ascertained by using non-sensitized cuvettes containing sodium hydroxide as the blank. On the other hand, the possibility of carrying out the complete assay in the same cuvettes simplified the procedure and increased its accuracy.
A virological diagnosis based on an increase in antibody activity during the early phases of the illness can be performed if sufficient amounts of circulating antibodies are produced. The sensitivity and accuracy of this assay would enable a shortening in the interval between serum samples from clinical patients. Studies on vaccinees showed that a significant increase can be demonstrated within three to six days from the onset of the antigenic stimulus. We have also had an opportunity to analyse serum samples from a few clinical influenza patients collected at short intervals. The results indicate that a significant increase in antibody activity can be demonstrated within five days from the onset of the disease. In most cases, especially in adults, influenza A infection is a reinfection, and clinical materials from other infections must be analysed to see whether this type of rapid diagnosis can be achieved in them also.
Another prerequisite for this type of rapid diagnosis is that fluctuation in antibody activity does not occur in an individual suffering from clinical illnesses due to unrelated microorganisms. For example, we have analysed paired serum samples for influenza antibody from a number of patients who had various types of upper and lower respiratory illnesses not due to influenza A. The change in ED-values in samples taken 10 days apart was less than 0 10. This seems to indicate that although the assay is sensitive, a background fluctuation will not hamper the serological diagnosis.
Since the assay can be performed within 24 hours it can be of considerable help in diagnostic virus laboratories. Furthermore, sensitized cuvettes retain their activity for months and the conjugate even longer. This technique is also applicable to largescale epidemiological works. Multichannel precision pipettes with disposable tips and automation of the optical measurement makes possible the handling of large numbers of sera in each series. Highly purified antigens can be used for special purposes 
